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Specification 

1. Title: Score Display Device for Beam Shooting 

2. Claims 

(1) A score display device for beam shooting characterized: 
by being comprised of a group of moving terminals in which a number of 
terminals equal to the number of points earned are concentrically arranged in circles 
similar to a target comprised of concentric circles of effective areas, with individual 
terminals being mutually insulated and partitioned; a display member, electrically 
connected to the terminals of the group of terminals, operating based on the selective 
closing of the individual terminals and displaying the score; and fixed terminals 
selectively contacting and closing individual moving terminals; and 



in that operations are performed on the light of a fired spot incident on the X and 

Y axes of a group of photoelectric conversion terminals positioned in the form of a cross 
in the X and Y directions, computed X and Y axis centers are outputted, and on that 
basis, said group of moving terminals is moved in the X and Y directions. 

(2) A score display device for beam shooting characterized: 
by being comprised of a pair of side-by-side groups of odd and even moving 
terminals having a number of terminals equal to the number of points earned 
concentrically arranged in circles similar to a target comprised of concentric circles of 
effective areas, the terminals being divided based on whether they are an odd or an even 
number from the center, and the terminals being mutually separated by gaps; a display 
member, electrically connected to the terminals of each of the groups of moving 
terminals, operating based on the selective closing of the individual terminals, and 
displaying the score; and fixed terminals, selectively contacting and closing the 
individual terminals of each of the groups of moving terminals, 

in that operations are performed on the light of a fired spot incident on the X and 

Y axes of a group of photoelectric conversion terminals positioned in the form of a cross 
in the X and Y directions, computed X and Y axis centers are outputted, and on that 
basis, said group of moving terminals is moved in the X and Y directions. 

3. Detailed Description of the Invention 

The present invention relates to a score display device for beam shooting (a form 
of competitive shooting employing a beam of light), and more particularly, a device 
configured to externally display a score based on the position of a hit by a fired beam 
spot on a target equipped with a light receiving device. 

In beam shooting, a shooting match is conducted with light beams instead of live 
ammunition. It is thus characterized by safety, not being limited by location, and being 
lightweight so that any person can participate. It is a simple sport that has attracted 
attention as a form of entertainment. 

Figs. 1 and 2 show an example of a light beam gun and a target employed in beam 
shooting. 

Light beam gun 1 is configured as shown in Fig. 1 . Within the handle 2 of gun 1 
is provided a power source circuit 4 containing a battery 3. Circuit 4 is electrically 
connected to an oscillation circuit 5. Oscillation circuit 5 is electrically connected to the 
drive circuit 8 of a light-emitting element 7 positioned in the base portion of gun body 6. 
A switch circuit 9 is positioned between drive circuit 8 and oscillation circuit 5. Circuit 9 
is linked to a trigger 10, for example. Light-emitting element 7 is made of an infrared 
radiation emitting member so as to prevent malfunctioning due to external light sources, 
and fires an infrared beam. Based on response speed, GaAs emissive diodes are 
employed as the light-emitting elements to obtain infrared radiation of 9,000 to 10,000 A. 
Operation of the switch circuit causes oscillation circuit 5 to send a pulse-modulated 
signal to drive circuit 8, thereby causing light-emitting element 7 to emit pulse-modulated 
infrared radiation. The infrared radiation passes through a slit in the slit sheet 1 1 of the 
front surface of light-emitting element 7, is converged by converging lens 12, and shoots 
toward the target. Fig. 2 shows an example of a target device in which a target portion 14 
and a light-receiving element 15 beneath it are positioned in the center of a boxlike main 
body 13. A score display 16 is positioned above, and a hit position enlarged display 17 is 



positioned below. The target device is also connected to a recording device 18 positioned 
externally. 

In such beam shooting, the present invention relates to a device capable of 
detecting the score based on hits made by firing light beams and displaying the score 
externally. 

in the target the effective area is determined by concentric circles in a method 
where the score decreases sequentially from the center to the exterior. When firing live 
ammunition, it is possible to determine points by bullet marks on a target. In beam 
shooting, as well, the positions of hits by spots fired on a target are similarly detected, 
and a score corresponding to the position of the hit is displayed to permit effective 
competition. The competition is conducted with excitement and convenience. 

The present inventors, in light of the above-described status of beam shooting, 
devised the present invention so that points corresponding to the positions of hits by 
shooting spots can be displayed externally. 

An object of the present invention is to provide a score display device capable of 
displaying on the exterior a score permitting contestants to see and confirm their firing 
scores when a target is hit in beam shooting. 

A further object of the present invention is to provide a score display device in 
which the target light receiving device is comprised of photoelectric conversion elements 
(referred to hereinafter as photoelectric elements) arranged in the form of a cross, the 
position of a hit at the center of a fired spot is computed and detected as the centers of 
incident light spots on the X and Y axes formed by the photoelectric element group, and 
based on the X and Y output signals, a displacement means electrically connected to the 
score display means is mechanically moved in the X and Y directions. This permits 
displaying the score without uselessly complicating the electric system, such as by 
digitally displaying as is a hit position detection signal outputted with the X and Y 
[signals]. The score display is accurate, operation is stable and reliable, and the 
configuration is simplified to the greatest degree possible. 

An embodiment of the present invention is described in detail below based on the 
attached drawings. 

The present invention detects the center position of a fired spot, that is, the hit 
position, by the following means. 

Fig. 8 is a front view descriptive of the target light-receiving device. In this 
device, the configuration may be one that is integrated with target portion 14 on which 
the effective areas are displayed as concentric circles, or one in which they are separated 
and positioned side by side. Fig. 2 shows a configuration in which they are separated. In 
that case, sighting in is conducted so that the aiming of light beam gun 1 is identical to 
the path over which the light beam advances. Light-receiving device 15 is comprised of 
photoelectric elements 21... arranged in the form of a cross on base plate 20. Ten 
photoelectric elements 21 ... may be provided in both the positive and negative directions 
of both the X and Y axes, for example. 

Light-receiving device 15 comprised of groups of photoelectric elements 21... is 
electrically connected to an electric system such as that shown in Fig. 6. That is, the 
group of photoelectric elements 21 is routed to an amplification circuit 22, wave 
detection circuit 23, memory and computation circuit 24, and oscillation circuit 25. 
Oscillation circuit 25 is electrically connected to hit position display device 17. 



Oscillation circuit 25 is also connected to an X-direction drive motor 26 and a Y- 
direction drive motor 27 that move the score display device 16 of the present invention. 

The method of detecting the center of the position of the beam spot fired by the 
light beam gun at the light-receiving device will be described next with Figs. 4 and 5. 
For simplicity of description, Figs. 4 and 5 denote photoelectric elements 21..., for 
detecting hit positions and arranged in the shape of a cross, in X and Y coordinates. Each 
of these has 10 divisions, there being 20 divisions along the X axis in the positive and 
negative directions combined and, similarly, 20 square divisions along the Y axis. 

In Fig. 4, assume that the spot 8 of a light beam that has been fired has hit the 
position indicated. The circumference of spot 8 crosses both the X and Y axes on both 
their positive and negative sides. The intersection with the X axis on the positive side is 
located at 5 from center H, and on the negative side, at 8 from center H. These values are 
subtracted by the memory and computing circuit and the result is divided by two, giving a 
result of 1.5. Accordingly, the center of spot S in the X direction is determined to lie at a 
position 1.5 to the negative side. Similarly, the intersection with the Y axis on the 
positive side is located at 9 from center H, and at 4 on the negative side. These are 
subtracted, giving a result of 5. This is then divided by 2, revealing that the center of spot 
S in the Y direction lies at a position 2.5 to the positive side. 

Thus, the position of the center of spot S is detected as lying at the point of 
intersection H' of an X coordinate of 1 .5 on the negative side and a Y coordinate of 2.5 
on the positive side in the second quadrant. The center FT of spot S can be obtained in 
this manner. In this case, outputs of 1 .5 in the X direction and 2.5 in the Y direction are 
sent over the oscillation circuit to pulse motors 26 and 27. The outputs to pulse motors 
26 and 27 are converted in advance to 1 for each 0.5, so outputs of 3 and 5 respectively 
are outputted to these motors to operate the external display. 

Similarly, in Fig. 5, the center of spot S in the X direction is 10-8 = 7^-2 = 3.5, 
so the X coordinate position is positive 3.5. In the Y direction, 7 - 4 = 3 -s- 2 = 1.5, so the 
Y coordinate position is positive 1.5. Thus, as above, the center of spot S in X, Y 
coordinates is detected as being H' in the first quadrant of the coordinate system. 

As set forth above, the center of the spot, that is, the hit position, is detected based 
on incident light at a spot on the group of photoelectric elements 21.... 

The score display device operated in this manner is as follows. 

Figs. 7 to 10 describe the score display device. 

Fig. 7 is a plan view descriptive of the score detecting device in the score display 
device of the present invention. A record card R displaying the target on moving 
platform 28 displaced in the X and Y directions by pulse motors 26 and 27 is set. Based 
on movement of platform 28 in the X and Y directions by the above-described method, 
the hit position is detected and confirmed, and the position of the hit is recorded by a 
means such as hole punching on the target display of card R. 

Platelike support members 30 and 31 on the surfaces of which are formed 
terminals in the same manner as in the target display of card R are arranged side by side 
on moving platform 28. As is clear from the enlargement of Fig. 8, support members 30 
and 3 1 are formed of insulating base plates 32 and 33 of plastic or the like so as to be 
identical in size. Belt terminals 34... and 35... are individually concentrically embedded 
or the like into the surfaces of base plates 32 and 33 in the same manner as in the target 
display of recording card R and as in the partitions of the effective areas of the target. In 



the present embodiment, the effective target area is divided into 10 portions, with a 
terminal being positioned in each portion. Since the terminals are positioned in close 
proximity, in order to prevent electrical short-circuiting of adjacent terminals and achieve 
correct detection of scores, the terminals are divided from the center into even-numbered 
areas and odd-numbered areas, with single terminal units 34a to 34 e and 35a to 35e 
being positioned with a spacing between them in concentric circles on the surfaces of 
base plates 32 and 33, respectively. Single terminal units 34a to 34e are positioned in 
ringlike fashion on the odd-numbered portions of the terminal areas obtained by 
partitioning support member 30 into 10 parts. Similarly, single terminal units 35a to 35e 
are positioned on the even-numbered portions of the terminal areas obtained by 
partitioning support member 31 into 10 parts. 

The configuration is such that when these single terminal units are stacked on 
each other, the single terminal units of one of the base plates are correctly positioned over 
the insulating portions of the single terminal units of the other. 

Thus configured support members 30 and 31 are positioned side by side on 
moving platform 28. The respective terminals 34..., 35... of support members 30 and 31 
have lead wires 36 running out the back sides of support members 30 and 31. These pass 
via relays 37... and are connected to the switching means of a display member 38 in the 
form of several display tubes or the like. 

Flexibly supported fixed terminals 39 and 40 are provided on support members 30 
and 31. Terminals 39 and 40 are connected to the negative side of a power source, and 
the moving terminal 34... and 35... sides on the support member 30 and 31 sides are 
connected to the positive side of the power source, with terminal 34... forming an 
electrical circuit with 39, and 35... forming an electrical circuit with 40. Fixed terminals 
39 and 40 are set so that in the starting position, they flexibly contact the center of the 
concentric circles formed by moving terminals 34... and 35... of support members 30 and 
31. As shown in Fig. 9, in the starting position, fixed terminal 39 is flexibly in contact 
with moving terminal 34a and fixed terminal 40 is in flexible contact with the insulating 
surface at a position corresponding to moving terminal 34a between moving terminal 
35a. The moving terminals 34... and 35... of support members 30 and 31 are connected to 
a number of the 10 display elements 41 constituting display member 38, and are 
connected to a number of the display elements 41 numbered 10 to 1 in sequentially 
decreasing fashion from the center terminal to the exterior terminal 

As set forth above, the inputting of a fired beam spot to light-receiving device 15 
results in the outputting of X and Y pulse signals. These cause pulse motors 26 and 27 to 
be driven by the amount of the output, displacing moving platform 28 in the X and Y 
directions. Thus, both support members 30 and 3 1 are integrally displaced in the X and 
Y directions. At a position corresponding to the hit position, moving platform 28 stops. 
If it is an effective score area, one or the other of fixed terminals 39 and 40 contacts 
moving terminals 34... or 35..., the terminal is connected, the circuit containing the 
terminal is closed, the several display elements positioned in that circuit light up, and the 
score is displayed to the exterior. 

By integrally displacing the moving terminals in the X and Y directions in this 
manner, the moving terminals are brought into selective contact with the fixed terminals 
and the score is displayed. Next, when the position hit by the fired beam is within the 
limits of the partitioned effective scoring areas, each of fixed terminals 39 and 40 



contacts each of the moving terminals. As a result, two of the several display elements 
are lit up. 

A system such as that shown in Fig. 10 is employed in the present embodiment to 
display an increasingly higher score. Constantly closed contact points 42 are inserted in 
several display circuits numbering ten or fewer and connected to relays (not shown) 
inserted into the next higher score circuits. In the embodiment shown, when fixed 
contact points 39 and 40 are connected to corresponding moving contact points 34a and 
35a, respectively, the relay of a 10-point display circuit opens the constantly closed 
contact point of a nine-point display circuit. Opening this circuit closes just the 10-point 
display circuit, giving priority to the higher point. Although the higher point is given 
priority in this manner, the nine points below it are similarly configured and operate 
similarly. 

The X-axis and Y-axis centers of the hit spot are detected and outputted, moving 
terminal support members 30 and 31 are displaced in the X and Y directions, and the 
score corresponding to the hit position is detected as set forth above. 

Figs. 1 1 and 12 show an example of a mechanism for moving support members 
30 and 31 in the X and Y directions. 

Guide rails 51 and 51 are positioned with a gap in the center of base platform 50. 
A frame 52 moving in the Y direction is provided between guide rails 51 and 51. Moving 
frame 52 is connected via a connecting member 54 to a Y direction movement belt 53 
driven by Y direction drive motor 27 provided on base platform 50, and is driven by 
motor 27 in the Y direction. X direction guide rails 55 and 55 are provided on Y 
direction moving frame 52. Moving platform 28 is provided in a fashion permitting 
displacement in the X direction between rails 55 and 55. Moving terminal support 
members 30 and 31 are integrally linked and secured side by side on moving platform 28. 

Moving platform 28 is driven by X-direction drive motor 26. Motor 26 is 
positioned on base platform 50. In the embodiment shown, the gear 56a of bevel gear 
block 56 linked by Y-direction drive motor 27 and belt 53 is driven by belt 57, driving a 
pulley 59 linked thereto by a shaft 58. A pulley 62 linked to Y-direction displacement 
frame 52 is positioned in a manner permitting sliding between pulley 59 and pulley 61 
linked by belt 60. The output shaft of pulley 62 is linked to a bevel gear block 63 
provided on moving frame 52, driving through gear block 63 an X-direction displacement 
belt 64 provided on moving platform 28 and causing a moving platform 28 linked thereto 
to move in the X direction. 

The present embodiment employs a configuration in which Y-direction drive 
motor 27 is driven by a Y signal output. This output is transmitted as l A of the Y 
direction output through bevel gear block 56. X-direction drive motor 26 drives in the 
direction of bevel gear block 56 based on an X signal output, half of which is outputted 
and transmitted to drive shaft 58 as (X+Y)/2. Pulley 59, with a double diameter, drives 
with X+Y output. Pulley 61, which is driven by the transmission of this output, moves 
by an amount of X+Y due to Y-direction displacement of moving frame 52 including 
pulley 61 . Moving platform 28 is moved by that amount, but since the input to pulley 61 
is X+Y, driving in the Y direction cancels out and only X-direction drive output is 
transmitted, causing displacement in the X direction. 

A displacement mechanism has been described above. However, the 
displacement mechanism is not limited thereto and may be suitably determined. 



Although a design in which concentric circular moving terminals are divided from 
the center by even-numbered positions and odd-numbered positions into two moving 
terminal support members is described above, the forming of gaps between concentric 
round moving terminals on a single support member to provide precisely a number of 
terminals equal to the number of score displays is a premise of the present invention. Ten 
terminals connected to score displays have been described in the present embodiment, 
with the terminals being positioned by odd and even numbers on two support members 
for the above-stated reasons. 

The present invention permits the detection of a hit position, converts this to a 
digital display and displays it externally, and permits competitors to see and confirm their 
scores for firing hits. It is this highly effective in shooting competition. The score can 
also be numerically displayed, increasing the entertainment afforded by beam shooting. 

Further, the present invention can detect and output beam shooting hit positions as 
X-axis and Y-axis centers, convert this to a mechanical operation, change the operation 
electrically to achieve a digital score display, and render it as an external display. The 
center of a fired spot is outputted as X and Y signals to simplify the configuration without 
uselessly complicating the electric system, such as by electrically modifying the signals 
to achieve a digital display. Further, since mechanical displacement in the X and Y 
directions and electrical modification are used to operate several display elements in the 
display member, the advantages of reliable operation and reliable score display are 
afforded. 

4. Brief Description of the Figures 

Fig. 1 is a descriptive drawing of an example of a light-beam gun. Fig. 2 is a 
descriptive drawing of an example of a target device. Fig. 3 is a descriptive drawing of a 
light-receiving device. Figs. 4 and 5 are descriptive drawings of the method of detecting 
hit positions. Fig. 6 is a descriptive block diagram. Fig. 7 is a descriptive plan view in 
which moving terminals are mounted in a moving platform. Fig. 8 is an enlarged view of 
moving terminals. Fig. 9 is a descriptive systematic drawing in which the major 
components of a specific example of a score display are rendered as cross sections. Fig. 
10 is a descriptive drawing of a higher score priority display circuit. Fig. 1 1 is a plan 
view of an example of a displacement mechanism. And Fig. 12 is a lateral view of the 
same. 

In the figures, 34 and 35 denote moving terminals, 39 and 40 denote fixed 
terminals, and 36 denotes a display member. 
Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
Fig. 6 
Fig. 7 
Fig. 8 
Fig. 9 
Fig. 10 
Fig. 11 
Fig. 12 
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Claims 

(1) A score display device for beam shooting characterized: 

by being comprised of a group of moving terminals in which a number of 
terminals equal to the number of points earned are concentrically arranged in circles 
similar to a target comprised of concentric circles of effective areas, with individual 
terminals being mutually insulated and partitioned; a display member, electrically 
connected to the terminals of the group of terminals, operating based on the selective 
closing of the individual terminals and displaying the score; and fixed terminals 
selectively contacting and closing individual moving terminals; and 

in that said group of moving terminals is displaced in X and Y directions. 
(2) A score display device for beam shooting characterized: 
by being comprised of a pair of side-by-side groups of odd and even moving 
terminals having a number of terminals equal to the number of points earned 
concentrically arranged in circles similar to a target comprised of concentric circles of 
effective areas, the terminals being divided based on whether they are an odd or an even 
number from the center, and the terminals being mutually separated by gaps; a display 
member, electrically connected to the terminals of each of the groups of moving 
terminals, operating based on the selective closing of the individual terminals, and 
displaying the score; and fixed terminals, selectively contacting and closing the 
individual terminals of each of the groups of moving terminals, 

in that said group of moving terminals is displaced in X and Y directions. 
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